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NOTICE: When government or other drawings, speci-
fications or other data are used for any purpose
other than in connection with a definitely related
government procurement operation, the U. S.
Government thereby incurs no responsibility, nor any
obligation whatsoever; and the fact that the Govern-
ment may have formulated, furnished, or in any way
supplied the said drawings, specifications, or other
data is not to be regarded by implication or other-
wise as in any manner licensing the holder or any
other person or corporation, or conieying any rights
or permission to manufacture, uss or sell any
patented invention that may in any way be related
thereto.
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i Fpy, some time orkers in the field of mechacical K 6

shock ‘iSsedeonr plaswd with difficuities when comcbiaing
H ~ sete & shock Spécira to Sain curves which might be ssad . £
{or desiga pirposes. The reason ior this troubie is the H e;‘

preseat practice ci usieg ali points on il the arzilidle i k1

shock spectra xhen mzkin £ coecbinatorial 2n2ivsis, A few ;
simple examples »asS2i& wusksd o1 which show that E:

such an 2pproach czanss §ield the proper desipn SPecirumy H H

cirve. These examples demonsirale that, Leczase of inter- ! H

aciions with sonrigtd feansszions, W2 valuns o interestin P 2

a shock spectrumiend (otie in (e vailess olths gk rather i o

. ?han upon ke peaks, even whan tha naturdl {regesacy ol the : S

Zcunsation coincid2s with 2 axturs! irequeacy of e system 5

. asawholz. Thus an anRivsis tosed on ibe enveitpe cf a set o

of spactra is oot sxlid, since Uk high vltes éermine the

i cnrc:cpc.‘\ - i i} . *
) : PEOELENK STATES i
' 47 T2is is 20 interim report o one phase ¢f the prodiem; :
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- ) . SHOCK SPECTRA AND DESIGN SEOCK SPECTRA ° ) o a
INTRODUCTION % ;i
- 3 =
! Eestorical Backgromd } H i
- 1 3
b !‘ctmymrse:raevsmreued “shock specira” :sana..intsdz:smghagm e K
3 damaging poteniaal o sixck, 324 23 2 100l for. suess«“*c:m:; a struciare vhose founda- i %
3 tica w23 subjected 1o e trasiest for whlch the specirusy was fouad. Thit il io say, the ;
2 shock spectrus gives ia oomwenient graphical fora e maxinum mpocse of sicgie-degree- |
; o!-!rcu'.om 3ysizins to & 3pplaed foundition mation. %
] 23 149, Bict {1} aweEtzd to clarlfy the then-presant thiking Sming engineers Inter~ , ' Z
ested ia 2 ellsers of erthemke wpln large strucheres by cefinizg 2 gmestity calied “cffec~ H <3
tive foceierstiod o toe caxthgsske for 1!’.& pericd T.° This fisipad the sreeent-day concept
L of earthguske spectsn to erclve. Sometima later, in 1545, Walsh 2nd Blle {Y; considered :
a:t:h:.:xczzsbm =sing tha coatect of earthgucks snactra, 224 the ressit bos besg geaer-
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. Inkerent in the assumption that the worst pussible shuck that a class of structure will
€3ty have to undergo is the envelope of all possibie shock spectra for that type of Iacaiion
18 tie following: The impedance of the foundation is very large overs the entire freaucncy
range. and ihe structure has very little tmpedance at fis foundation uver the frequency
range. This means that the dynamic reactivn of the structere upon its fuindativn is unable
to aliect the motiva of the foundation. and 1tat slightly dissimilar structures will have to
respond to the same foundation motion. Of course this assumption is obriousty not true,
bat only secently has it been explivitly showa {3) that the cffect of such an anaiysis was
very greatly in error.

In a set of field trials data was collected for 2 numbes of shocks at a large number of
different peints in submavines. It 235 hoped that by classifying the Ivpe of locativn. type
of shock, and (he equipment r¢Spoading to thuse Shocks.correlated gruzps could be fermed
which would enzblis the analyst to produce a series oi shock spectra which would bhe useful
in desizn {§). It was dectced to toke a 19-percent chance on failure of elastic action, so
that 211 the availatle shock spectra for 2 partitular class of location 2nd shiock sere plot=
ted ¢n a single graph, fly-spock styde, and 2 S3-percent ficucizi Himit drawn. In the com-
putation of siresses whilch wounld b2 caused by this SD<percent fiducial limit curve it
became immediniely apparent that few mild stesl structures would snrvive the severe
shock described by tiie Spectrum. However, the struciures which were in place during the
field {rials dic surrive, $0 sumething must have been wrong with the theory of combining
these Shock stecira. .

Purpose of the Examples .

Th2 protizm of the overconservaticn of the fiducial Homit curves was investizated (5)
2n4 1t =35 noticed that normai~mode thoory cooly reguires the sheck spacirum values at
{iwnd-base nzturs! freguencicos® of the siructere in place during the shoox maotion, t0
CLapsic sivEsses. An exeminaiicn of Indlvidezl shodk specira in this regard showed
inrge v2ilays in the region of these Sixeg-Inse freguencies. Ths further siucy of this
Thonomenon iad 10 experimental and theorellcal studies o examine this probliem. This

opart desesses 2 few simple 1heoretical ezamples to acquaimt the reader with the problem.
Consider the problem of toying to formsiate 2 d2sign shock spectrum. Theoratically

Lo only velves of @ measured shock spectrum which are valid for dyramic rysponee cal-
cslations aras these which corzespend 19 the {ixed-base n2tural frequencies cf the structure
which was in place dazing the shock motion. In contrast 2 design £hudk speets2 Should
al’ow 2n #nzivst 16 G2sign-check 2 contemplated sirvctare which kas never been subjected
10 & shock ang for whick no meazured shock specirum exists. 1t wonld seem 223t the first
step might be to compare the suock specirum values 2t the fixed-base naterzl {requencies
of siructures in plzce guring the shock metica with the general spectrum levels. This
comparisona micht then sllow the Gesigner to formulate 2 generzl spectrum which could be
useful in future designs. An aitenpt te 4O this on an imzgicary class of structures sub-
jected to the same type of shock is the subjeet of these examples.

EXAMPLEL

To illustrald the ditlereace between ardinary shock spectra and desigm skock specica
the simple undamped {ree-free structure of Fig. 1 was chosen as the firat example becavee
it is a svsiem which can be readily caléuiztad: Lot 1, be sublecicdtozn impulasel,. I
v, is considered o be the foundaiion, and'y,; is the Mmasy O the equipmat Atructure, the
oroblem is. “What is the design shoci: spectrum for the equipment cuasisting of ¥, and K7°

PR =Y -

®A fixed-base natural frequency is the freousicy -<hizh would exiet if the fuundation were

infiritely s:lt and heavy. i
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Since the-shock specm under discussion are the velocity spectra m!med before,.
aaowmlonnlcmdmdeslgoshmmma

Thisspecttnmhnentobe!ndcpmﬂentoﬂrzqcencv.aadﬂz..‘ssap‘;xt}dchsbuwsm P
tke désign shock gpectium viries witli the mass ratie. Figure 2is ic geoeral v plotted

in the usual form’c! a spectram; that is 1o 627, it isrmaplmo!zq.:m_. as 3 fanction

of fregienty. Eowever, cnce the muss distriduiion is kaywn, Fig. 2 2221 Ze uses 16 detes— 3
misa thé valve of X3/¥, , which then becomes the design valye. Since eash ¢f Sxve vaiges
is indepeadént of freﬂucncy the deslgn shock spectra would b2 a famiiF &£ Dorizontal
straight lines in the X-/v versus {recuency piane, one line for eaca mais ratio.
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Fig- 2 - Variation of the desigse shock gpecirum witk ass
ratio for the urdamped free-free systemcf Fig. 3

_ Now serposa by mezns of the thesroucal massiess bwcable osclilazoe. 2n ordinary
shock spectfum vas oblairied for the motlon of ¥,. Tha relative dispissement of this

osciilator umes the angular frequency divided by L’Ie initial velocity ¢ ¥, beccmes
=32 . 33y . .
‘::'= T osin gt @ -—————a o2 sins t 33

v pt-)-,z, 12 - p!)

~

where w is thclremacyc‘the tnneab!e osci.""a'::.dr {13 uue relittre Zesiscement.
Ihuequumwas demdhymurgthztthemsm oacxmmvuiacxzﬂeamtooa—
‘tion motion, udbysolmthelonm‘in;mhnelmml. 1
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whick: i3 always positive and approaches sz a8 <~ n. For the ragion = I p. Eq. (7) may
be written as

2 2,2 )
= -2 =)
Tie puints of interest here are

Liz

a<se 1.

Ncte that although the Yimit zoes 20 1 the value 18 always greater thentl - W/ 133,
To show thatl this is a mooxoaicaliy decreasing function:

a fes) _ 2
a4 1\\" pla—py? .

Figare 3 is a soparpaced plot of the deslign shock snecira for 2 specific mass ratlo,
azd of ihe theoretical shocz spactra of £q. {7), odicined for the same system. The curve
labeled F.35. is (e ploe of e maximerm value of the 2in ot compsoent of Eg. {5). The
Gesizn sheok spaelrm 35 * dorizonual Hine of height £1-4,.97,)-372 | whilz the thesretical
shock spectran for the s3.12m Xained oa W2 foundation ¥, Is beiow the €253t fhock
specirars 1 fregaency =, 1S then is atwzys zlove it. It =hould be oxted 1t B2 G2sien
shock specirum and (he theoretical shock Spacirum meet onlr at oxe psint. the fixcd-bese
natersd Sraguency 2 5f tha upper eguipment systam. This polat eccurs where e cozlilcient
©f the fraguoncy oIm «F e assiess cacillater vanishes fcurve adel=s F.S.). Inany
sysiem witk camzing the E_ge peak would have 2 Hrelt, bot ft could ce sevesal times
kighies thad the ScSiz sadae.

Figure £ is 2 plot ¢f 170 theoretical shock 2pect-a for two syetess having the same
mass ratio: The spricg &1 the righer requency systes was chesan in Soch a fashion that
e fixed-Tase patural fregoeccy of the simalated sirociare @, colncidad withrtke azxtural
irequeacy of the lower {egoeacy system, p. The envelope lne for the two spectra is
masited. B

Tt shocld be noted tha? szch 2 comtinaterial amlysis wouid say that it wosld de neces-
SAFY 10 uSe X very larpe stock spectrum valee for the stiffer system 2°. However, it is
clearly evident that the vesign spoctrum is not this vary large valoe.

U m23y shocks wors szperpose In this fachion and an envelipe or high ldacial Hmit
curve dra=T, thet it i ancorect that thils would represeat a totaily cersasonabie approxi-
aztion 1o L proper des: shock spectra. )

EXAMPLE N .

-As 2 secnd Qicgt;z:igvc of the dliference between Sesizn shock spectra and
shock spectra the systen E-F1z. § whil be discass€l. It 1S assamed that W, 25d K, 13 the
founsstion ¢f the ‘equipmet” ¥; a0d ¥,; and that the tase of the combined structure wnder-

goes a step ckange in velddity.
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The solutioas of this fair of diffcrential eqcattons are : . §

B 2<2
= N5 “ gt Ol-nu-,t LD

( , *n ‘!” -

2*2Y ——
feele
. _ AN
x= (- -1, ¥y

(_ .u.,r-:; .x-.., )

;i,‘,‘:' --— na-,t)

- x o g

- - . 3;

Yo fiad the dealgn shock spectrum, phase Is ignoved and this results ]
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} . .- ) {

w9 "':“'z’ ) !

D= -

) 2. 3. .
oL v - . v
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¥z, § - Variatica of the design shock spectra

with mass ratio and {regzency ratio far the
teodzgrez-ci-freedem system of Fig.

T2o pomk of (B shock 2recizom 0o0eTS 2t $2 F 1/(3%5) and dax 2 vaice of (Re1%:)72,

T15 exvstion §s piolted &z Fag. 7, and it IS cleariy domonsizated that even tn this *luned®

case i1 b2 farge pock RUS O repidly I magsilods with fncreasing =2S3 ratie] . Returning

20 Bq. {253, 4 52 i3 cheson Srealsr Hhaa 2/{1e:) 1h2 LopOr KyXtem teads to be isolated
ficm e shock, 3inde XIY < 1 Intkis care.

LA £ext Step I v enelz=ts in 1o comite Lhe thooretieal shoik spectrom whick would

B oxzained I it wors mozsures by the maesiess teneadie Osciiliter 830wn i3 Fig. $. The

equstion of relative Eaplzcemeant for this osciliator beocmes
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design shock spectra
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ard fréquéncy ratio: a comparison with the desiga shock spectrum for this condition is - : -
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- Py the hypothesis that one of the p°s coincides with as .. then from Eq. {18)
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- Apglying tis to Eq. (16) and (17),
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Indicating a node exists at ¥, for this frequency. The response recorded at ¥, becomes

. . x,,g.l.f”, I'
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and the frequency p, = w does not appear. This mears thal no large traasient buildep
would occur and there would theselore be 00 largs peak at whis frequency i 7, is not very
: frequency selective,

By mean3 of Liese {ew elementary examples it 13 booed that some insight has been
#2ined by thé Feader contesnlsg the. probles of using shock specira for deslign purtoses.
. It has been =hown Rt désign shock spectra and t..-or:.lczl 8302k spectre can be quite
g . d‘.,.(e.eat,and t:e erzcr involved in using 932 f6r the other cia be appreciable.
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“The use of an envelope {ur Righ fiducial limit) type of anzlysis Jead: to resclts as )
sh-m in Figs. 42and 9, §iving a false émpression as to the scverity of the shock for which
the system-tiust be designed. This happeas bx'cause the use of the large peaks terds to
control the 1inal position of the cusve in the fiducial limit type ¢f combinatorial anatysis,
3nd it was demoastrated that these peaks at the combiced system’s natural frequencizs
dn not 2ater ialo desipn shuck spectivm considerations. This was shoeen to be true even
wlien the “cquipmeat” fixcd-base naizral (rcquexxc}' comcided with 2 patural {requency of ;
the sysiem 35 a ahol€ in Example 1. ‘
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The other major puint of iclerest.is that the compenent of response of the massiess
oscillators at their nateral frequency disappeasced whcn it coiacided w.ih the fixed-bese
-natural frequeacy of tte cquipment struciure. In a f3shion the plot of this component is
‘akis tv the Fuurier spectrem of the fesadation motion, and in the casc where the motica :
cz:ds in L:nite time. the ~afler shock specirum”™ is traly the Fourier spectrua of the
feandation vetacity forcing function.

Perls = -Lis reocrt has raised more questions than it kas answered. However, the
prope: erataation of cesign shock specira is of extreme importance ard is worth; of
-serzous consideration.
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